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(54) RECEIVING TIMING DETECTION CIRCUIT FOR CDMA RECEIVER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve receiving quality 
by obtaining mutual correlation between a received signal and 
an already known signal group from the frequency band width 
of a transmission and reception signal by the irreducibly 
lowest sampling frequency and interpolating its mutually 
correlated values by an interpolation filter to always receive 
with an optimum receiving timing. 

SOLUTION: A group correlation device 102 calculates the ^ 
mutually correlated value in an n-th slot. The interpolation ^fkM 
filter 103 interpolates the correlated values of two samples per 
one chip outputted from the device 102 so as to calculate the 
correlated value of highest delaying precision. After a power 
calculating part 104 obtains the power (the square sum of an I 
component and a Q component) of a correlated value to 
remove phase components, an averaging part 105 executes 
inter-slot averaging with respect to the mutually related values 
of a delay time. It is desirable to suppress the number of these 
averaging slots to irreducibly lowest. A peak detection circuit 
106 obtains a delay time maximizing averaged mutually 
correlated power. 
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mm&nkn%ft®£jc,mi0i (ds-cd 

MA) tt&R^IZ&WlMiSi'XTMZ.fil^iatlZCD 
fe&^Dfc^ftfe^fcJHffirtt?**. **ib;h,;fcftS:ft 

sfrEftsftB^t-s-fc*©-^?^ yymvuk&Vitow 

t LjtBf©^ S >^SrflUIEC DMAgftg 
So: t Sr#»i -f 3 C DM A£ft£g©gfi:?-r 5 V 

mm®®. 

[11*92] ke«©c dm A%mmm<D% 

fc J: D #6*tfcflr**5l|-C*> * £ k fcttft k~$~Z> C DM 

A£fi&e©gff $ y^najHB. 

[11*93] B»*im:B«ocDMASflrSllloft 

tit 3/4 5 V^ttiBSSKfc^-C, 

■ewtlki-* r t fc j: 9 #biifcflr**5ii"e*s c t £ 
*. 

[1**94] »**l©CDMA«flBS11©»t*>r 

ii§sg©g« s v^maiais. 
[M**5] »*«i©cDMAaflrsEii©*flr^w 

wti-*-scDMA3Sflr*B©*flr#-rs^^*tnia 

K. 

[ft*96] W*«2©CDMAaflr«ll©*flr^-f 
S/y^CftSlJllftV^, ffilESTItlHS*'. 



y b -»#/u© 1 ^VJK/v«rlHSSriPifc^H^(t*8} 
SrfflftO^V n y h ^Vtf/Hcfcfc (3 ^ftflDg-tSl^ft 

bm^mk, 

mmm * *tfcs«flr* t &ftf?^©ftzft b§£ s> 6 *» 

btbfcffi^rt t?**5ftS8Si: fc 

rnkTzcDMAgmmmogmtj § y^*tmai6. 

[91*97] 9t*92 0>CDMAgft&R©£ra*'f 

l©^y ks 
©^ *y 

wie» i ©* * y *5«tTjtstriasg 2 ©y y ^e>sflns# 

*Jj;tm»?f*SrK*-a LiyV/Ky^©fti:ft^^*» 
n v h^y^/w©^-^(v:^crfiEftM^©ffl^-r 

hit ^xxmatot 5 lsift*p*¥© t . 
S^^«HW¥«t«r^tfCt*r1*«4:1-SCDMASflr 

[ii*98] »*92ocDMAS«isit©sflr#>r 

^^ijftiais^, 

i©y^y 

^n? h^ytf^zikmn^-cftrntztem^mk, 
■5^2©>*y 

mnens 1 ©^ * u *j«fc t«waiis 2 ©^ y b§ft«^- 

BflSr*«)5ftg8St, 

ffieiR 1 ©^* y ic*a**tss«fli*ii:-'<-f n y h 

fc, *>e)*»i:»3£*6ix/t.»Wrt©ftSftB8* J i-'<r* 
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9 ] 1 (0 C DMA$« ^g^gft 

* a EBJTMftfM- § - i: *«f» t "f 5 C DM Agff 3£B 
[00 0 1] 

»fctt»lHR«F#»«*5c«« (DS-CDMA) 
[0 0 0 2] 

&tt (CDMA) *^fflV^fC7 :r ^^^gif)*mfS•^ 

S (TIA I S 9 5) dSj5qfeixTV^5 0 T I A (Tele 
communication Industry Association) 1 9 9 4^5 
^ Id "Mobile Station-Base Station Compatibility St 
andard for Dual-Mode Wideband Spread Spectrum Cell 
ular System PN-3421 " tM LXWfr Lfc«iptt1$«T 
I A/E I A/ I S (INTERIM STANDARD) - 9 5 -AO 

■Cfi*jtoft/t^4v\ 
[0 0 0 3] I S — 9 5 — A<£>T 9 0^1 (£»JB|->»» 

(tch) ic*n;L-c\ ita-eSEBIStL-cv^^ 
*ii^>f ny h^-^^/W (PLCH) ^ts^^m^ 

Eb/No (1 Ify hSfcOOif«A#lHzafc8 
<D«««*<DJfc) <&fcit««*^5V^**£L4tt 
Jxli4 b 4i ^ 5 ffflBtt/h fc 0 L ^ L 4 # , 

*/MO»4:« & £ 4 tttUttfe 4^ fc » , 1 gife/^ 3 fc 
[0 0 0 4] I S-9 5 — ACO_h»9 IHJSg 

H) -en, *l/Moyhf^*/vfimf, 6 4ii 

(64-ary) K35«F-&"C3eil i: 4ffiFit««:«lrSrffl^ 
-&te*fcSW*S;* s »ffl$*X-Cl^5o 64-arySC35 
Wttm^&ZbKX*), BPSK, QPSK^i:^ 
t\ l^v*^Sfc!9W«A3&s*t<4ac:4:, #RIJB 



[0 0 0 5] I S-9 5-A0)£BR5crau <f~y?\s*- 
Y 1 . 2 2 8 8Mcps s fcTyM'— h9. 6kbp 

s>hu-K fy/i/-hm< it 5-1 OffiFSS 
»S< L4ltixtf4e>1\ I S-9 5-A7?f±ax.4^ 

[0006] ffi*©s«^-r s >?mmtt (f^a 

M) tt, Wifi, ##3Citfc (AndrewJ. Viterbi "P 
rinciple of Spread Spectrum Communication" 19 9 
5¥4^M, »3*. 3 9^-6 6^) IClE 

4fo*>, WfflHJHJiffi (f— ^) fcHWSiiS (h?y* 
[0007] ajHRffifflS «— 

[0008] mm&m> (h7^^) i*r-y - • u- 

h • h (early — late gate) ifc 
VMlir^ * n 5/ ^ • (DLL) i: Witt 5* 

[0 0 0 9] ±IB«]«SP»fflffi*i«tt/llffliiJlco*feSr 

Yyy*>?mm&mtoi<tzjjmK M¥4-347 

9 4 4^a^tB*Six"CV^5o L^L4^ib, 
4»mi±IB##XiR<?5*ffitPI-T*!9, IS 
-9 5-Atc*3ttS»)H*:«P*i-5 l t)OT?tt4v\ 
[0 0 10] 

[*WdS»»UJ:5fc1-5IIH] »*»W*5c«R (C 

DMA) *Stt^w^^e«*ttofc^^^—^ 

r>r (rake) , *;i&n^Ym&<ammmk»m' 

[0 0 11]—*, CDMAiStfify^^S^ 
dsSo*>9 tiaMJLT^4^t±<SftTf*4^ 0 W 
^^-^-f^^iR ^#<45 

vvn 0 ^co^^ * ^^8rtftHiL4ttix«4ib4^o 
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[0012] %KDmm&i*. t>\c, ffin^-r 

It fcJt ttfflt \c£zm 

[0013] ^<OS 1 ©Sfctt. 1 S/l'jKA'ftOtlHffi 

[00 14] *<BSS2©Slij|i, ffc3fe*S;-CW:, MftS 
■f Lfc-»L-CVftVVfc«\ 7a:-^y^{cj;!9g»u 

[0 0 15] »2 0BBJH^tt, jfji^nyr^yKOt'- 
i ft 3 i ^ 5 

[0016] ^ws&i^ ^**rtt?f± N fine^m^ 

[0 0 17] ftSOlMAtt, ^-KfraT****** 

[0018] -twaawu iBii^sv^a, m#i*s 
a**ft uyt t * ic^K4:4P9)tiffiMgiiA%iBrje <*s v 

• /V—"7 : D L L) ©2a»©|HlK^5-eAofcfc» 
-?fc3. 

[0019] **wifc *«nonui», «F*»«#ar 

(CDMA) ^^SfflLfc^Kliift^^A^ 
*5V^C, (Sv>E b /No i§Jg7'n77'f A-fcft 

3 CDMA§fflgl©§lt 5 V^HUEKSr 
H&U CDMA5Mt8«©»tfift*rrtl±U A>oM 

[0 0 2 0] 

[Bl«*:WSrt-.5fc«>©*«] #3PJtcJ;ftli, ftfttt 
tm##»J#5i:&ft (DS-CDMA) #5*;£fflV^ 
»»(ti'*7'Afc:m^*t3CDMAgff&tt©gte* 

*fl©lf t ©taZfSII8£;fc 6 e»?xfc»jlffl 



-fa^-f^i, imv-v?*) v^LiS^ixfcfsz 
*riitfrt-5«atm#»i, tHEtl-JlESftfcttZftBflflr 

tU Lfc*©*^ 5 V^fc||fneCDMAg{|*lK©Sflr* 

Wi fc 1-5 C DMAgfijgBcogff * 5 V ^ffilslSS 

[0021] *%wx\t. aflrflr^-t^Mfce/yjK^b 

Z«H«aic*Sfta**j*£©«A«rffiJ*-*-«. 
[0 0 2 2] flEttHKi£5ttft^A&tttt*ffa>b 

tHBa-fitSr-f V* # > 3 V 7 ^ frtjf 1" 3 i t K 

±9, eifgojijim«-T?tBZffiias;^-r^io*>aj£7 s a 

T. fcZftH*#»5;fc»fc&»fc8BI**ffii*L-0* 

T©ftEfcH«fcH-JM-*fc»» 7*— i?v^Kj;as 

[0 0 2 3] 

[0 0 2 4] 01tt*»W©^lOSUflW-J:5CDM 

[0 0 2 5] m 1 Sr#fi8 L-C, i OCDMAgffggro 
*Sl:««t5A/DfiWl 01t. -&miMHC? 

a»t»je»biife»IIBI (iiSttH) i*n?#» a s^Jtsgg 

»10 2t, *?iJtiB8«l 0 2©W^f5#RSrA/Da: 
^S§1 0 lo-^^yy v^Ei£#«fc 9 Stv x 
7*y ^^LiS-f-TV^^U-iXa X7^;^ 1 0 3 i, 
-f^^^u— -> 3 y7^w i o 3-?f-y7 , y V^tE 
StifcHZtBHfl|-toS^PSr*«)5S^WirS81 0 4 

tSWbSi o 5i:> ^kgfJi o 5iz.£*)¥m\:£ 
ixfcffiZffiB8«#«^P©f-^ Popt Sr^fe, fta* 
S«^-r5V^Topt lr^1-5b°-^^tag|5i 0 6 i 

[0 0 2 6] S»flrft^»ffi«^in&ttA$rffiMi-S^ 
»^ iiff, n-yl/t777^^=10~5 0%OKX 
K • V • 7^?T*i?ifcfl5iJ|3g£*vti^3. 
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-1. SftfcifSxbti/t^So Lfcj&Sot\ &£lfttttt 
»^Ht, A/D^&Si Oiofy^u v^JS««tt^ 

[0027] «*3. ife^yyy y^»fttiP|^) 

S*T?*?lffiH»l 0 2 0fflMttA/D«»LTt 
[0 0 2 8] H2ttBllOCDMAg«K«*S««f* 

[0 0 2 9] BH&t^Bl2S:#HaL-C, Sffff ^tt L ^ 
/Ky^/NVn^ Y*/Vi£jv (PL : Kfcift*) ^#A£ 

[0030] urnrnm i o 2 wt, rie»a;fctto-c» 

n^PyMcfettSfiSffiBlRn (t) StU^T*. 
[00 3 1]In^ns/ Hc*5W5SE*P«-§-5R?iJS:P n 
(i) , Ha«f<OgSN = NpXMf-y^ Sf9ft# 

Sr**5SBM (ilffiftia) T w£r t min - rmax 

Rn (t) = £ i=0 _ N _! S (2 • L • M • n + 2 • i 
+ r ) Xconj (Pn ( i ) ) 
x = r rain ~~ r max 

fcfiU conj ( ) \m%&®*mi>X\^ Q 
[0 0 3 2] ttZfi§Bfc#&Si^tBiaTw = train - 
rmax fit, &<0<fc 5 LTftS^S S» -fe/^ 

tooths. s«*>f 5 v^ttfeottts»Ht» 

T«#<oia»l»ft"T?fc9, »lccDMA*a;oj;5^JS: 
(«itflMHz^20MHz) 



KTwOfr/NI train tefil8i!J6=0 t LTSBrtSBfiD 
[0 0 3 3] ^y^^^>3 >-:7^/l^ 10 3I1 

mftw&i 0 2d*e>ffl^$tb5 i^y^afc9 2*^ 

[0 0 3 4] l/8^3/^3Bf«"C*ISttB8«* 

Si 0 2^6>Ui*Sna i/2f-y7 p MIH^ttS«BBtt 
(H3 0 (a) ) <DK\Z*tl?h3m<D0&n^LX % 

(b) ) 0 r.oi/8^y^WPB<o*?iJ**y h*7ja 
^=^^7 p u-hco{6«3li§y^/w^ (LPF) £il 

(rtif) Sixfc»S«H*5»J«:»6^t^-etS (H3 
© (c) ) o LPF<0>f V^Vu*/S«?tt, WttfTIB* 

[0 0 3 5] 

h (i) = sin (2 k - i/8) / (2 tc • i/8) 

Wot, F I R7>f^-C^SLTfcra«fcV\, «X. 
fi, ±2^y^-efl"t>«)ofc»^, FIR7-f/V^^ 
y :7Sttl 6 ( X4fy^) i 

[0 0 3 6] ti£**S:coj: 5^, -f y^tfw— > 3 ^7 

i"f5f:, ffiSffiBBfl[l-9->'^afct»N = Np xm(H 

ffiH^lf#r§^^4^V7 P /HCl[I]-Cfe'9, ^"9 CO 3 

tfc* 0 -c, l*V^Sfcf3O0fB®fta»|Hl*tt 
(NpXM+3X8) /4 =Np XM/4+ 6 0ffo 

3 G ii^, WR*M>>l-e*)4^e), aWISSrffi** 

^cit-<-c^ 1 / 4 i: 1- a r. t *s-c# § 0 

[0 0 3 7] ^PyHlim S««*<0ttft3ftS 

TnT<5fc*, »SEUfc^oy h^V^/H^UT 
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ttft*fcaSr(fc*Lfc|ft, ¥*Mb»l 0 5 T?ra-3I3B«rlB 
[0 0 3 8] TiSfbrmtf^iStf&ot, 7s-s?y 

v\ 

[0 0 3 9] »n^ny Mcfc^T, r S ft 

Iffi»Pn (r) 

Pn (t) =Rn (t) Xconj (Rn (t) ) 
SSW»X-C»*fi*^»t*ff3»&, Sin*** HZ 

(r) Ht 

Pave n (t) = * • Pave n (r) + (1 -Jl) • P 
n U) 

f-^*ftWlHliei 0 6tt, 5p«ft*BlltBBI«*Pave n 
(r) ^*^<tSrt5*jg^raropt f*-* 

*>5»£\ tf-^tfettilSKl 0 6{j:RAKE7^y^- 
«»(0^^$:^^Jil:W, *<Z)iiffi«Fn r opt 

[0 0 4 0] H4ttBU«D*5WBW»l 0 

[0 0 4 1] H2S:#BaU"C, 5R^lffiBB«l 0 2 ft, 

K7^/^2 0U, «FM«lfl52 0 2tft*r6c 
[0 0 4 2] -ry^Fyj/lsf 2 0 1 f*^V n y hS/y 

[0 0 4 3] mfflMU2 0 2 f*& fcixfcji 

[0044] n 5 nai co^^ijffisis 102 (Dzmmz 
[0045] mszmMLx, mmm&i 0211 ^ 



^^eU301i, £10>**!;3O1 0^7 I'A'tiJ** 
3 0 2 i:, 5P»^3 0 3 i:^^y 3 0 

[0 0 4 6] ffiljtofc** Train =0, r max = 2M- 

ffin^i o 2<ol(lmcov^rlftw■t-a 0 
[0 0 4 7] ;r<z>»g\ Si^^ey 30 lowxii 

4Mt45o ro»l<oy*y 3 0 lfil WsR^«fPJ 

It^ot, Sn^ny^Sm+lSS (m= 0 ~N 
p - 1 ) ©^v^/W^jS-t-a^^^/vSfSft-g-SrSfi 
LfcSL »i 3 0 ifi4Mfyy;KDfv ; ^^ 

S (2-L-M*n + 2- M- m+i) ; i=0-4M 
- 1 

[0048] ieaesiBK 3 0 2 I* ±15 4 Mf- y^/^f 

PL (m) oa**»»Sr»»t5 0 
[0 0 4 9] 3 0 6ft fflS PEK 3 0 2^ 

[0 0 5 0] mmmZiltc 4MV>7M* 
Save n ( i ) = S m=0 _ Np _! S ( 2 • L • M • n + 2 
•M-ra+i) Xconj (P L (m) ) ; 
i = 0 — 4M- 1 

*i§82£3 o s titers awe a) • 

i =0-4M- 1 ti&nfjrJ&mc (i) ;i=0- 
M- 1 ©ffiUffiBISriiffiHSRI r = 0-2M-l <D^mx* 

1-4*)^ ffilftiRn (t) Ht, 
Rn (t) =£ i=0 ~ M -i Save n (2 • i + t) X c 
o n j (c ( i ) ) 

Sk±* T = 0^2M-lo«Siat?ffii:ffil!IS:*:*560^ 
SI1-5afn»*|ll»fi, 4MXNp + 2M 2 

[0 0 5 1 ] ID 6 f*EI l (D^mm^ 1 0 2 coStcS'JOT 
[0 0 5 2] IU6£#J&LT, r^*?iJffiB§»l 0 2 

A.fe«PMfc*lt*S[i-5*l<0^^y 4 0 1 t, 
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h 5/ V ifrfr P L \z nm- 5 ft »*?■!§■ c Sr Etti" -5 * 2 <0 
^^e!J4 0 6 h Ilo^^Ho i*sj;tf»2©^^e 
y 4 o 6d»bf*^A«««#SfcJ;tM4»W**B* 

^ny h^>^PL<D^iCjSCrW5i^4 0 2OtU 
*i-**Hi[Srffla»ir5a!««TO4 o 3 fc, 

jpHLi-*raffi*p*»4 0 4 t, m<^*y 4 o urg 

f l^^eMO i*5£tfjg2co^y 4 o 

SrfT5^>f ^ v^«y«i»4 0 5<b£#-f£ 0 
[0 0 5 3] H7ttlllO*yiJtBBB«l 0 2CDft&CD#iJ£ 

[0 0 5 4] EI7£#JSLt\ r<0»y9ffi§|«l 0 2 

lTw©i*Bfii:^ n y hi/ys}?^jij(0«pBBSSriD 
*fc«PH«tf#a+5»l«)^^9 5 0 1 /^ny 

hv^^PL^rfet5:^-efei:-r^feic§lS5 0 4 t, 
*t»«B55 0 4'Ca»Sttfc^>f ny h^y#^SrE»T 
Z>9S2<D**]) 5 0 5^, Jgltf>^y 5 0 l&itfJR 

2©**y 5 o 5^fe7*^^g««^-s*3«tvia;»$ 
ig5 0 2i, Si^^ey so lfctfasfts-r^* 

o^^ey 5 0 1*3J;V* 2 0^*5 5 0 5^b^^^ 
^ Sri" & <blft 9 & Ltt^ffl1-*J»SrfT 5 * >f S v 

^*j»«5 0 3 i*#ts o 

[0 0 5 5] H6fcJ;tfEI7<03K?MBH»l 0 2 J*, * 



*^r^t, c<oi«o*joi:gflr«#otis:«H*itt» 
[0056] mzmi<ofmwb&i o 2<£>K{i^ov> 

[0 0 5 7] H 8 ttH 7 o>S^MH»B l 0 2 (nm^TF 
[0 0 5 8] i7»l8MLT, SSKO^U 5 



o i*sj;ot*2o^ i ey 5 0 5l;(Wn y hi/yx}f/V 
8"CttffiBIS5 0 21*3 2fflOaHE«pH^AtL^7U/^ 

**»3feU «ii4fi*Srft*1-Jttf±V\ 3 2fl 

0V* 9 wvffi ll^-e 4 coffin* KHiS& * » 5 fc , 
4M/3 2®j^(9MLT^f{f^J:U J ffifc$tvfc/^ 

[0 0 5 9] H9fi*:38WO»2 0||tfi«»J(Cj:5CDM 

[0 0 6 0] i9^#Itt, r^CDMASifM^ 

It, 5R?iJ«H*l 0 2lcA**tt5K*P«-?-dS, 

fi, HiwcDMAgft36«cogfi^>r5v^«|ffilBlB 

[0 0 6 1] HlOttil ^gff^-f S Vi/^miHlSS^ 
«X.fcCDMAS«KK©^ny^g|"CS>5 0 110^: 

#f>ir, r©cDMASfi8itt N pffii^io2 

t bta 7 o^flfBHS 102 =H!;i-C^6 0 
[0 0 6 2] CcOCDMAgft^fiH, 7>"ft6 0 1 

sw-siaig«6B6 o 2^^i-5o 

[0 0 6 3] A/D^&21 101ft V K 

^^-y 5 0 lfl, -r^*^g«{t**rEte1-§o feSfc^ 
5 0 4 fi^>T nyF ^^^;vp L SrS£»4f -?-Cl£*"r 
5 0 ^2C0^^ey 5 0 5ft tfclftSftfc'M n y hi/y 

^*yij*ia«i-So tBBB«5 0 2ii, mi^^^ys 
o i*>J;tffg2cD^y 5 o s^bx^^/vSfSW^fe 

[0 0 6 4] *^*gPl 0 4tt, -O^TKU—Va >- 

S*H«*Sr¥*SftL, fcr-^*ffl«10 6tt, ¥^fb 

[0 0 6 5] ^5^*J»»5 0 3fi, SlRUf»2 
(^^^■y 5 0 1&U<5 0 5, «5 0 2, -fV^^Ku 
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-^ 3 y7-f/^ io3, m^nnui 0 4, ^mtn 
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